INTRODUCTION
============

Over the past decades, the prevalence of diabetes has increased rapidly and diabetes has become a major public health concern.^[@R1]^ Furthermore, diabetes is associated with a higher prevalence of coronary artery disease (CAD),^[@R2]^ with CAD being the leading cause of morbidity and mortality in patients with type 2 diabetes.^[@R3]^ Coronary computed tomography angiography (CCTA) is a noninvasive imaging test that provides not only comprehensive information regarding CAD but also high diagnostic performance for the detection and exclusion of CAD.^[@R4]^ Previous studies, including a large international cohort study, showed that diabetic patients had a higher CAD burden as determined by CCTA, and CCTA had prognostic value in these patients.^[@R5]--[@R7]^ Prior observational studies using CCTA in asymptomatic patients with type 2 diabetes also found that the prevalence of CAD was not negligible.^[@R8]--[@R11]^ The current standards of medical care in asymptomatic patients with type 2 diabetes emphasize the need for the reduction of cardiovascular risk factors.^[@R12]^ However, tailored approaches, following risk stratification based on the presence of CAD, may have an additional role in these patients. Therefore, we sought to develop a CAD risk score model using clinical parameters in a large cohort of asymptomatic patients with type 2 diabetes who underwent CCTA evaluation.

METHODS
=======

Study Population
----------------

Between February 2008 and June 2012, 607 asymptomatic patients with type 2 diabetes, who had undergone CCTA evaluation in diabetes center at the Asan Medical Center, were prospectively enrolled.^[@R11]^ Diabetic mellitus was defined as a fasting plasma glucose concentration ≥126 mg/dL or self-reported history of diabetes and/or treatment with dietary modification, oral hypoglycemic agents, or insulin. Exclusion criteria were abnormal resting electrocardiographic results, that is, pathological Q waves, ischemic ST segment or T wave changes, or left bundle-branch block; exertional dyspnea, angina pectoris, or chest discomfort evaluated with a positive Rose questionnaire^[@R13]^; renal insufficiency (creatinine ≥1.5 mg/dL); history of open heart surgery; history of myocardial infarction, coronary revascularization, or heart failure; uncontrolled arrhythmia; history of allergy to contrast dye; pregnancy or women of childbearing age who were not using contraceptives. This study was approved by the local Institutional Review Board at the Asan Medical Center, Seoul, Korea. All patients provided written informed consent.

Basic demographic data were obtained by a review of patients' medical records. Any medical history of hypertension, stroke, or peripheral artery disease; family history of premature CAD; duration of type 2 diabetes; current medication profiles; and smoking status were documented. Body weight, height, body mass index, and blood pressure were also measured. Total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting plasma glucose, glycated hemoglobin, serum creatinine, and C-peptide values were measured after at least a 12-hour fasting period during their visit. Hypertension was deﬁned as a self-reported history of hypertension and/or use of antihypertensive medication or a blood pressure ≥140/90mm Hg. Hyperlipidemia was defined as total cholesterol \>200 mg/dL or receiving antihyperlipidemic treatment. Neuropathy was defined as a just noticeable difference \>15 in the hands or \>20 in the feet according to a vibration sensory threshold test.^[@R14]^ Retinopathy was evaluated by funduscopic examination. Nephropathy was defined as \>20 μg/min of albuminuria. Nonfatal CAD 10-year risk score was calculated by the UK Prospective Diabetes Study (UKPDS) risk engine.^[@R15]^

CCTA Image Acquisition and Analysis
-----------------------------------

Multidetector computed tomographic angiography was performed using a dual source scanner (Somatom Definition, Siemens, Germany), with the following acquisition parameters: tube voltage, 80 to 120 kVp based on the body habitus of the patient; tube current, 240 to 400 mAs per rotation depending on the body habitus of the patient; detector collimation, 0.6 mm; adaptive pitch value of 0.2 to 0.5 based on the patient\'s heart rate; retrospective electrocardiogram gating and pulsing. We used contrast media of 400 mg/mL iodine concentration (Iomeron 400, Bracco, Italy) in the amount of 55 to 80 mL at a rate of 4 mL/s followed by a saline chaser. The CT scan range was from the carina to the diaphragm. We used 0.3 mg of nitroglycerin sublingually or an oral spray 2 minutes before CT. β-Blocker (bisoprolol 2.5 mg) was administered orally for lowering heart rate when the patient\'s heart rate exceeded 90 beats per minute. Optimal phase reconstruction was selected manually or using automated software (Bestphase, Siemens, Germany).

All CCTA scans were analyzed using a dedicated workstation (Volume Wizard, Siemens) by two cardiovascular radiologists (T.-H.L. and J.-W.K.). According to the guidelines of the Society of Cardiovascular Computed Tomography, a 16-segment coronary artery tree model was used.^[@R16]^ A coronary artery calcium score was measured as described, with patients categorized by scores of 0, 1 to 10, 11 to 100, 101 to 400, and \>400.^[@R17]^ Plaques were defined as structures \>1 mm^2^ within and/or adjacent to the vessel lumen, which could be clearly distinguished from the lumen and surrounding pericardial tissue. Plaques occupied by calcified tissue \>50% of the plaque area (density \>130 Hounsfield unit in native scans) were classified as calcified, plaques with \<50% calcium were classified as mixed, and plaques without any calcium were classified as noncalcified lesions.^[@R18]^ The contrast-enhanced portion of the coronary lumen was traced at the maximally stenotic site and compared with the mean value of the proximal and distal reference sites. Diameter stenosis≥50% was defined as significant. In addition, overall plaque burden was determined based on coronary artery plaque scores using modified Duke prognostic scores, segment stenosis scores, and segment involvement scores, as previously described.^[@R19]^

Clinical Outcomes
-----------------

Follow-up clinical data were obtained by a review of medical records or telephone interviews using trained personnel through to the end of July 2013. The cardiac event was defined as a composite of cardiac death, nonfatal myocardial infarction, acute coronary syndrome requiring hospitalization, and coronary revascularization, while cardiac death, nonfatal myocardial infarction, and acute coronary syndrome requiring hospitalization were classified as major cardiac events.^[@R6]^ Death was considered to be cardiac in etiology unless an unequivocal noncardiac cause was established. The diagnosis of myocardial infarction was based on the presence of new Q waves in at least two contiguous leads or an elevation of creatine kinase or its MB isoenzyme to at least three times the upper limit of the normal range at follow-up. Revascularization was performed if there was a stenosis of at least 50% of the diameter with a positive stress test or if there was a stenosis of at least 70%.^[@R20]^

Statistical Analysis
--------------------

Continuous variables were compared with the one-way analysis of variance or nonparametric Kruskal--Wallis test, and categorical variables were compared with the χ^2^ statistics or Fisher exact test, as appropriate. A logistic regression model was developed to predict significant CAD on CCTA using a bootstrap method. The first step of the model development was to evaluate bivariate relationship between patient characteristics and significant CAD on CCTA (Table [1](#T1){ref-type="table"}). Risk factors that significantly (*P* \< 0.3) correlated with significant CAD were chosen as candidate variables and used to develop the logistic regression. Next, the predictive value of univariate findings was subsequently tested with a bootstrap resampling procedure in which the logistic regression model with a backward elimination procedure was repeated for each of the 1000 bootstrap resamplings. The relative frequency of selection of the bootstrap resampling of 50% was used as a criterion for inclusion of predictors in the final logistic model.^[@R21]^ To evaluate the fit of the final logistic model, the C-statistic (= 0.747) was used to measure discrimination and the Hosmer--Lemeshow test (*P* value = 0.988) was used to measure calibration.^[@R22],[@R23]^ In addition, to investigate overfitting of the final model, the slope of linear predictor (shrinkage) was computed (shrinkage slope = 0.904).^[@R24]^ A bias-corrected coefficient for the model was determined through a bootstrap resampling method (Supplemental Table 1, <http://links.lww.com/MD/A199>). The CAD risk score model was developed based on the final logistic model using the method described by Sullivan et al.^[@R25]^ The constant of the scoring system was defined as the increase in risk associated with a 10-year increase in age (ie, 0.489 = 10 × 0.0489). This constant corresponded to one point on the CAD risk score system. For each predictive factor, its distance from the base category in regression coefficient units was divided by this constant and rounded to the nearest integer to get its point value. A patient\'s total CAD risk score was calculated by adding up the points for all existing predictive factors. Based on CAD risk scores, patients were categorized into low (≤3), intermediate (4--6), or high (≥7) risk groups (for significant CAD on CCTA) according to the model-based CAD risk \<20%, 20% to 50%, or \>50%. The derived risk groups were internally and externally validated by comparing the CCTA variables and clinical outcomes. For clinical outcomes, event-free survival curves were constructed using the Kaplan--Meier method and compared using a log-rank test. To compare the model performance between UKPDS risk engine and new risk model, the discrimination ability and contribution for predicting significant CAD on CCTA was evaluated by C-statistic. Statistical comparison of C-statistic between models was performed, as described by Delong et al,^[@R26]^ and confidence intervals (CIs) for the difference in C-statistics between models were calculated by bootstrap sampling. We also calculated the category-free net reclassification improvement and the integrated discrimination improvement to quantify the performance and the net benefit.^[@R27]^ All reported *P* values are two sided, and *P* values of \<0.05 were considered statistically significant. Data manipulation and statistical analyses were conducted using SAS Version 9.1 (SAS Institute Inc, Cary, NC).
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RESULTS
=======

Population Characteristics
--------------------------

The baseline characteristics of the study population are listed in Table [1](#T1){ref-type="table"}. The mean age of the study population was 62.2 ± 8.3 years, and 59.0% were men. The mean duration of diabetes was 12.4 ± 7.7 years and the mean hemoglobin A1C was 7.5% ± 1.2%. Diabetes treatment consisted of lifestyle modifications in 8 patients (1.3%), oral hypoglycemic agents in 552 (86.0%), and insulin in 77 (12.7%). The average nonfatal CAD 10-year risk score by UKPDS engine was 20.1% ± 12.6%. On CCTA, atherosclerotic plaques were detected in 430 (70.8%) patients, with 188 (31.0%) having significant CAD (diameter stenosis ≥50%).

Clinical Risk Factors and Development of Risk Score Model
---------------------------------------------------------

Potential variables were evaluated for model inclusion (Table [1](#T1){ref-type="table"}). After excluding the statistically less significant variables, multivariable analyses showed that age, male gender, duration of diabetes, hypertension, current smoking, family history of premature CAD, previous history of stroke, ratio of total cholesterol to high-density lipoprotein cholesterol, and neuropathy were independent clinical risk factors for significant CAD on CCTA. A prediction model for significant CAD on CCTA was developed based on these variables (Supplemental Table 1, <http://links.lww.com/MD/A199>).

We assigned weighted points to each risk factor, and scores ranged from 0 to 17 (Table [2](#T2){ref-type="table"} and Supplemental Table 2, <http://links.lww.com/MD/A199>). After CAD scores were assigned to all patients by summation of risk factor points, a receiver operating characteristic analysis showed that the CAD risk score model was reliable (area under the curve = 0.727, 95% CI = 0.714--0.739, *P* \< 0.001). Based on CAD risk scores, patients were categorized into low (≤3), intermediate (4--6), or high (≥7) risk groups for significant CAD on CCTA. There was a significant difference in the probability of significant CAD (12.6% vs 29.4% vs 57.7%, *P* for all \<0.001) between the risk groups. The derived risk groups were also internally validated through detailed CCTA variables (Table [3](#T3){ref-type="table"}).
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When assessed by the category-free net reclassification improvement and the integrated discrimination improvement, new risk model significantly improves the predictive ability over the UKPDS risk engine for predicting significant CAD on CCTA (Supplemental Table 3, <http://links.lww.com/MD/A199>).

Clinical Outcomes According to Risk Groups
------------------------------------------

Over a median follow-up period of 4.3 (interquartile range, 3.7--4.8) years, a total of 83 events occurred in 71 patients: 7 cardiac deaths, 2 nonfatal myocardial infarctions, 8 acute coronary syndromes requiring hospitalization, and 66 coronary revascularizations (Supplemental Table 4, <http://links.lww.com/MD/A199>). Cardiac events significantly differed between the risk groups. After excluding revascularizations, the incidence of major cardiac events also increased. Figure [1](#F1){ref-type="fig"} showed that risk stratification based on the CAD risk score model was feasible to predict the 5-year cardiac event-free survival rates (96.6% ± 1.5% vs 88.9% ± 1.8% vs 73.8% ± 4.1%, log-rank *P* for trend \<0.001) and 5-year major cardiac event-free survival rates (99.3% ± 0.7% vs 96.4% ± 1.1% vs 94.5% ± 2.2%, log-rank *P* for trend = 0.040).

![Kaplan--Meier event-free survival curves of 5-year cardiac events (A) and 5-year major cardiac events (B). The numbers in each figure represent the 5-year event-free survival rates.](medi-94-e508-g004){#F1}

DISCUSSION
==========

In this study, we observed that 31.0% of asymptomatic patients with type 2 diabetes had significant CAD in at least one coronary artery on CCTA. Using clinical parameters and simple laboratory tests, we developed a CAD risk score model to assess the presence of significant CAD on CCTA. Risk stratification using this model enabled us to categorize asymptomatic type 2 patients with type 2 diabetes into low-, intermediate-, or high-risk group for significant CAD as well as to predict the cardiac events. Therefore, the model described here might be a useful tool for deciding whether further evaluation of CAD is required in asymptomatic patients with type 2 diabetes.

The independent covariates in our CAD risk score model were age, male gender, duration of diabetes, hypertension, current smoking, family history of premature CAD, previous history of stroke, ratio of total cholesterol to high-density lipoprotein cholesterol, and neuropathy. In the UKPDS risk engine, age, duration of diabetes, male gender, ethnicity, current smoking, glycated hemoglobin, systolic blood pressure, and ratio of total cholesterol to high-density lipoprotein cholesterol ratio were associated with the development of sudden death or myocardial infarction.^[@R15]^ Furthermore, in the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study, male gender, duration of diabetes, microalbuminuria/proteinuria, serum creatinine, symptoms of peripheral neuropathy, diminished peripheral sensation, cardiac autonomic dysfunction, peripheral vascular disease, elevated low-density lipoprotein levels, and family history of premature CAD were independent predictors of cardiac death and myocardial infarction.^[@R28]^ In our model, the predictive clinical risk factors did not differ from those in prior studies.

The prevalence of CAD is higher in patients with type 2 diabetes compared to nondiabetic subjects.^[@R2]^ In addition, the prevalence, extent, and severity of CAD are higher in diabetic than matched nondiabetic individuals, as examined by CCTA.^[@R5]^ However, less is known about CAD evaluated by CCTA in asymptomatic patients with type 2 diabetes. In previous observational studies, approximately 64% to 91.4% of asymptomatic patients with type 2 diabetes had atherosclerotic plaques and 26% to 33.3% had significant CAD.^[@R8]--[@R11]^ Consistent with the results of previous studies, in our large cohort, atherosclerotic plaques were identified in 430 (70.8%) and 188 (31.0%) had significant CAD. These findings suggest that CAD in asymptomatic patients with type 2 diabetes is a problem, which should not be overlooked.

In this cohort, among patients with significant CAD, 97 (16.0%) and 103 (17.0%) had multivessel diseases and significant lesions in the left main or proximal left anterior descending artery, which has been known to be associated with a poor prognosis.^[@R19]^ Increased severity of CAD was associated with an increased risk of mortality in diabetic patients.^[@R5]^ Previous studies, including a large international cohort study, demonstrated that CCTA had prognostic value in diabetic patients.^[@R5]--[@R7]^ Furthermore, in patients with high-risk CAD evaluated by CCTA, coronary revascularization conferred a survival benefit.^[@R29]^ Even in the DIAD study, patients with moderate to large ischemia had a 6-fold greater cardiac risk than those with normal test results or small perfusion defects.^[@R28]^ These findings imply that we should make an effort to find high-risk patients even in asymptomatic type 2 diabetes.

In this study, our risk score model showed reliable model performances to classify patients into low-, intermediate-, or high-risk group for significant CAD on CCTA as well as to predict the cardiac events. Our model was not developed to predict the absolute risk of CAD-associated clinical outcomes, but the presence of significant CAD on CCTA. However, because CAD is the most common cause of death in patients with diabetes and our model reflected the atherosclerotic burden,^[@R3]^ the prognostic value of the model is not surprising. In the DIAD study, although the annual cardiac event rate was low (an average of 0.6% per year) and not altered by routine screening for inducible ischemia,^[@R28]^ a post hoc analysis showed that the incidence of cardiac events was higher in the high-risk group classified by the UKPDS risk engine (1.2% vs 2.5% vs 9.9%, *P* = 0.002).^[@R30]^ Similarly, our study showed that the high-risk group had higher cardiac and major cardiac events. Therefore, even in the absence of symptoms, tailored approaches by risk stratification could be beneficial in identifying high-risk patient subgroups.

Based on our CAD risk score model, we propose an algorithm for CAD screening in asymptomatic patients with type 2 diabetes. In low-risk patients, further evaluation for CAD is not recommended because these patients have a low risk of developing significant CAD and cardiac events. The presence of any degree of coronary calcium has proven predictive for future cardiovascular events in asymptomatic diabetic patients. Assessment of coronary calcium score may also aid in identifying diabetic patients with a higher likelihood of inducible ischemia. Therefore, in intermediate-risk patients, coronary calcium evaluation may be appropriate as a screening test for CAD, as previously recommended.^[@R31]^ In high-risk patients, with high probability of significant CAD and worse clinical prognosis than other risk groups, CCTA or myocardial perfusion imaging might be considered as a first-line test (Figure [2](#F2){ref-type="fig"}).
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We have described the development of the CAD risk score model, which predicts significant CAD in at least one coronary artery in asymptomatic patients with type 2 diabetes. The strengths of this study were that analysis was confined to asymptomatic patients with type 2 diabetes, and this CAD risk score model was developed based on clinical parameters and simple laboratory tests to immediately apply in the field.

Our study has also several limitations. First, since this study was conducted in a single center and CCTA examination was performed at the discretion of the attending endocrinologist, there is a potential for selection bias. In addition, since clinical differences in type 2 diabetes have been noted between Asian and Western populations, the applicability of this model to other ethnic groups may be limited. Second, a higher CACS may result in overestimation of significant CAD on CCTA. Third, a major concern with CCTA use is exposure to radiation. Although recent technological advances have reduced radiation exposure,^[@R32]^ the potential advantages gained from performing CCTA must be weighed against these drawbacks.

In conclusion, the risk score model described here provides a formula for estimating the risk of significant CAD on CCTA in asymptomatic patients with type 2 diabetes. Tailored approaches using this model may have a potential role in identifying patients with high cardiac risks, whose outcome might be improved through aggressive interventions. However, this proposed model should be evaluated about the prognostic impact and cost-effectiveness.

Abbreviations: CAD = coronary artery disease, CCTA = coronary computed tomographic angiography, CI = confidence interval, DIAD = the Detection of Ischemia in Asymptomatic Diabetics study, UKPDS = the UK Prospective Diabetes Study.
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